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D scrlptlon 

Th present inv ntion relates to a thin film mag- 
netic h ad for perpendicular recording information on 
and reproducing information from a magnetic me- 
dium. 

Magnetic heads for perpendicular recording fall 
roughly into two groups, one group including heads of 
a type known as the auxiliary pole excitation type and 
the other group including heads of a type known as 
the main pole excitation type. 

The former type has a disadvantage in that it is 
necessary to dispose an auxiliary pole having an ex- 
citation coll on a back side of a recording medium, 
with the result that inductance of the excitation coil 
becomes high and a large distance between a main 
pole and the auxiliary pole reduces recording and re- 
producing efficiencies. 

On the other hand, in magnetic heads of the latter 
type, both a main magnetic pole and an excitation coil 
are disposed on the same, front side of a recording 
medium. Therefore, efficiency with which the record- 
ing medium is magnetised is unrelated to thickness 
thereof. Various design configurations have been pro- 
posed for thin film magnetic heads of the main pole 
excitation type, for perpendicular recording and re- 
producing. 

An example is disclosed in the Japanese Unexa- 
mined Patent Publication "SHO-55-4730", laid-open 
on 14th January 1980, by S. Kawakami et al. A sim- 
plified cross-section of a head disclosed in this Jap- 
anese document is schematically shown in Fig. 1. 

A substrate 52 of soft magnetic material has a 
cut-away portion which is filled subsequently with 
non-magnetic insulating material 55. The substrate 
52 with the filling material 55 forms a slider of the 
magnetic head. A thin film spiral coil 53 is formed on 
a side surface of the substrate 52, insulated from the 
substrate by an insulating layer 54, and a main mag- 
netic pole 51 of soft magnetic material is formed on a 
front portion thereof. A protective layer 56 covers the 
entire surface. 

In this example the main magnetic pole 51 forms 
a single magnetic enclosure with the substrate 52 and 
a recording medium 2, interlinking the spiral coil 53. 

In an effort to meet requirements for improved re- 
cording density In a recording medium and for en- 
hanced resolution in the reproduction of information 
therefrom, another kind of perpendicular magnetic 
head has been proposed, as disclosed in U.S. Patent 
No. 4 546 398, by J. Toda et al., issued 8th October 
1985. 

Figs. 2(a) and 2(b) are, respectively, a plan view 
and a cross-sectional view of a head disclosed in that 
patent, the cross-section of Fig. 2(b) being taken 
along the lineA-Ain Fig. 2(a). Amagnetic head 1 com- 
prises a non-magnetic substrate 11 and a thin film 
main magn tic pole 12 formed thereon. An insulating 



layer 13 is further formed thereon, in which layer a 
thin film excitation coil 14 having a spiral configura- 
tion is buried. An auxiliary magnetic pol 1 5 is formed 
on the insulating layer 13 and a protection layer 16 

5 covers over the entire surface. 

A recording medium 2 has a laminated structure 
comprising a base layer 21, an underlying layer 22, 
and a recording layer 23. The underlying layer 22 is 
of soft magnetic material having a high permeability, 

10 and the recording layer 23 is of magnetic material 
having a high coercive force. 

The main magnetic pole 12 has a narrow tip por- 
tion 121 which serves to concentrate magnetic flux 
on to a small area on the recording medium 2. The 

15 auxiliary magnetic pole 15 has a protruding portion 

151 towards and contacting a rear end of the main 
magnetic pole 12. The excitation coil 14 surrounds 
the protruding portion 151 and ends of the coil 14 
constitute leads 18, and the leads 18 are further con- 

20 nected to external circuitry for signal processing. 

When the coil 14 is excited for recording, a sub- 
stantial part of the generated magnetic flux flows 
through a magnetic path interlinking the front (lower 
half) portion of the excitation coil 14. The magnetic 

25 path or magnetic enclosure is composed of the main 
magnetic pole 12, the recording layer 23, the under- 
lying layer 22, the recording layer 23 again, and the 
front portion of the auxiliary magnetic pole 15. The 
magnetic flux crosses the gap G 0 (between the head 

30 and the recording medium) concentrated by the nar- 
row width of the tip portion 121 of the main magnetic 
pole, and the strong magnetic field magnetises the 
recording layer 23 in a perpendicular direction. Next, 
the magnetic flux extends through the underlying lay- 

35 er 22 of soft magnetic material in a lateral direction 
and returns to the auxiliary magnetic pole 1 5 crossing 
the recording layer 23 again. On the return path, the 
magnetic flux does not strongly affect the recording 
layer 23, which causes a pseudo-pulse signal to be 

40 provided during read operation, because a tip portion 

152 of the auxiliary magnetic pole facing the record- 
ing medium has a broad width and is recessed a pre- 
determined extent Dy from the level of a tip portion 
121 of the main magnetic pole. 

45 When reproducing information recorded in the re- 

cording medium, the recording medium 2 moves 
close to the main magnetic pole, and transitions of the 
perpendicular magnetisation of the recording medium 
cause changes in magnetic flux along the magnetic 

so enclosure as described above, resulting in an induced 
current flowing through the coil 14, which current is 
processed to reproduce a signal corresponding to the 
recorded information. 

In the structur s of magnetic h ads of Figs. 1, 

55 2(a) and 2(b), a single conspicuous magnetic enclo- 
sur is formed, in other words, a single magnetic gap 
is formed between two magnetic poles. Although a 
rear portion of th coil 14, that is an upper half-portion 
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of the coil 14 in Fig. 2(b), is covered by an upper por- 
tion of the auxiliary magnetic pole 15, it does not form 
a conspicuous magnetic enclosure, therefore, it does 
not much affect magnetic field in the gap G 0 . 

Further, another type of a thin film magnetic head 5 
for perpendicular recording and reproducing is dis- 
closed in U.S. Patent No. 4 404 609, R. E. Jones, Jr., 
issued 13th September 1983. An arrangement dis- 
closed herein provides two auxiliary magnetic poles, 
and two magnetic gaps and is in accordance with the w 
preamble of accompanying claim 1. The arrangement 
enhances magnetising forces at a tip portion of a main 
magnetic pole and improves recording and reproduc- 
ing efficiency with respect to the recording medium. 
A schematic cross-section of the arrangement is 15 
shown in Fig. 3(a). The same reference numerals as 
appear in Figs. 2(a) and 2(b) are used to denote the 
same or similar parts. 15a and 15b are rear and for- 
ward portions of auxiliary magnetic pole 15. 14a and 
14b are rear and forward portions of coil 14. 20 

The magnetic head of Fig. 3(a) has a second aux- 
iliary magnetic pole 25, a rear end portion of which 
contacts a rear end portion 153 of the first auxiliary 
magnetic pole 15. The widths of the magnetic layers, 
which constitute the main magnetic pole 12 and first 25 
and second magnetic poles 15, 25 are progressively 
narrower as their distance from a non-magnetic sub- 
strate 11 or slider increases. The gaps between the 
surface of the recording medium 2 and each pole tip 
are the same. The thickness of the tip portion of the 30 
main magnetic pole 12 is made less than the thick- 
nesses of the other two auxiliary poles, for example 
about 1 micron in comparison with 2.5 to 3 microns. 

The configuration of Fig. 3(a) has two distinct 
magnetic enclosures; the first enclosure starting from 35 
contact point 151, passing through main magnetic 
pole 12, recording medium 2, a front half portion 15b 
of auxiliary magnetic pole 1 5, and then returning to 
the contact point 151 in a clockwise direction; and the 
second enclosure starting from contact point 151, 40 
passing through main magnetic pole 12, recording 
medium 2, second auxiliary magnetic pole 25, rear 
half portion 15a of first auxiliary magnetic pole 15, 
and then returning to the contact point 151 in a coun- 
ter-clockwise direction. Because current directions 45 
interlinking front and rear portions 14a, 14b of coil 14 
are opposite, the magnetic fields generated in the 
common gap (the gap common to both the above- 
mentioned magnetic enclosures) between the tip of 
the main magnetic pole 1 2 and the recording medium so 
2 workadditively. On the other hand, the directions of 
magnetic force induced at the tip portions of the first 
and second auxiliary poles are in a reversed direction 
as compared with that of the main magnetic pole. 

The configuration of Fig. 3(a) has an advantage 55 
in that the magn Using force in the recording medium 
at th tip portion of the main magnetic pole 12 is r - 
markably enhanced by the existence of the second 



auxiliary magnetic pole. 

When a magn tic h ad of this type is used, the 
signal generated during reproducing operation can be 
reshaped for example to a signal having a shape S as 
shown in Fig. 3(b). The signal S has a single positive 
pulse part, and has leading and trailing negative 
pulse parts. The signal S can be sensed as a single 
narrow pulse by prior art technology similar to the out- 
put of the single gap two-pole thin film transducer for 
longitudinal recording. 

When the structures of the magnetic head as dis- 
cussed above and disclosed in the Japanese or U.S. 
documents are utilised, it is found that edge noises 
generated during reproducing by auxiliary poles can- 
not be neglected, which results in deterioration of re- 
cording and reproducing efficiency. 

JP-A-62-36714 discloses a thin film magnetic 
head in which a groove is cut into a magnetic sub- 
strate and filled with a non-magnetic material. This 
reduces the concentration of magnetic flux at the tip 
part of an auxiliary magnetic pole constituted by the 
magnetic substrate. 

According to the present invention, there is pro- 
vided a thin film magnetic head for perpendicular re- 
cording information on and reproducing information 
from a recording medium, the magnetic head com- 
prising:- 

a first thin magnetic film for recording 
and reproducing, a tip of a forward portion thereof be- 
ing intended for arrangement close to or in contact 
with the recording medium; 

a conductive thin film coil disposed to 
one side of said first thin magnetic film, adjacent to 
and substantially parallel to a plane thereof, the coil 
being centered at a rear end portion of said first thin 
magnetic film; 

a second thin magnetic film disposed 
adjacent to and substantially parallel to said coil, ex- 
tending over forward and rear portions of said coil, a 
centre portion of the second thin magnetic film con- 
tacting the rear end portion of said first thin magnetic 
film; and 

an auxiliary magnetic pole disposed to 
another side of said first thin magnetic film, a tip of a 
forward portion of the auxiliary magnetic pole forming 
a flat surface with the tip of said first thin magnetic 
film and facing the recording medium, and the auxil- 
iary magnetic pole being contacted by a rear end por- 
tion of the second thin magnetic film; 
characterised in that- 
said first and second magnetic films 
and said auxiliary magnetic pole are arranged such 
that magnetic resistances of substantially the same 
magnitude ar given to first and second opposing 
magnetic paths within said head when in use, the first 
magnetic path being formed around a first magnetic 
enclosure interlinking with said coil and including the 
tip of the forward portion of the auxiliary magnetic 
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pole, the forward portion of th auxiliary magnetic 
pole, the first thin magnetic film through a distributed 
magnetic leakage path, the forward portion of the 
second thin magnetic film, and the recording medium 
in place when the head is in use, and the second mag- 
netic path being formed around a second magnetic 
enclosure interlinking with said coil and including the 
tip of the forward portion of the auxiliary magnetic 
pole, the auxiliary magnetic pole, the rear portion of 
the second thin magnetic film, the first thin magnetic 
film, and the recording medium in place when the 
head is in use, whereby when the magnetic head is 
excited a balance of magnetic fluxes induced at the 
tip of the forward portion of the auxiliary magnetic 
pole and flowing respectively through the first and 
second magnetic enclosures is provided, those fluxes 
being equal but opposite in direction to one another. 

An embodiment of the present invention can pro- 
vide a thin film magnetic head for perpendicular re- 
cording and reproducing which has a high recording 
and reproducing capability. 

An embodiment of the present invention can pro- 
vide a thin film magnetic head which can generate a 
large magnetising force on to a recording medium in 
the region of a main magnetic pole, but which pro- 
vides reproduction accompanied by reduced or mini- 
mum edge noise at regions of auxiliary magnetic 
poles. 

An embodiment of the present invention can pro- 
vide a thin film magnetic head which can easily be 
fabricated by thin film technology. 

An embodiment of the present invention can pro- 
vide a thin film magnetic head which can afford a high 
recording density and a high resolution in reproduc- 
tion, minimising edge noise, and which can be easily 
fabricated. 

A magnetic head in accordance with an embodi- 
ment of the present invention comprises a main mag- 
netic pole of thin film; a spiral coil of thin film disposed 
adjacent to and substantially parallel to a plane of the 
main magnetic pole, the centre of the coil being ar- 
ranged at a rear end portion of the main magnetic 
pole; a first auxiliary magnetic pole disposed adja- 
cent to and substantially parallel to a plane of the coil, 
the centre portion thereof contacting with the rear end 
portion of the main magnetic pole; and a second aux- 
iliary magnetic pole disposed on another side of the 
main magnetic pole, a rear end portion of the first aux- 
iliary magnetic pole contacting with the second aux- 
iliary magnetic pole. Further, the arrangement of the 
above component parts is such that induced magnet- 
ic fluxes flowing through first and second magnetic 
enclosures are substantially equal and opposite in di- 
rection to each other, wh rein the first magnetic en- 
closure comprehends the tip portion of the second 
auxiliary magnetic pole, a front portion of the second 
auxiliary magnetic pole, th main magnetic pole 
through a distributed leakag path, a front portion of 



the first auxiliary magnetic pole, and a recording me- 
dium, and the second magnetic enclosure compre- 
hends the tip portion of the second auxiliary magnetic 
pole, the second auxiliary magnetic pole, a rear por- 
5 tion of the first auxiliary magnetic pole, the main mag- 
netic pole, and the recording medium. 

The present invention is based upon the insight, 
by the inventors, that a distributed leakage path be- 
tween the main magnetic pole and the second auxil- 
10 iary magnetic pole forms an independent magnetic 
enclosure which plays an important role in a magnetic 
head having two auxiliary magnetic poles. This mag- 
netic enclosure or circuit has been entirely unrecog- 
nised in the prior art When the first and second aux- 
15 iliary magnetic poles are arranged asymmetrically 
with regard to the main magnetic pole such that the 
distance between the main magnetic pole and the 
second auxiliary magnetic pole is made larger and 
selected to have a predetermined value in accor- 
20 dance with an embodiment of the present invention, 
the magnetic fluxes induced in two magnetic enclo- 
sures, each interlinking the coil, cancel each other, 
resulting in the generation of almost no edge noise 
due to the second auxiliary pole. 
25 Reference is made, by way of example, to the ao 

companying drawings, in which:- 

Fig. 1 shows a schematic cross-section of a prior 
art thin film magnetic head having a main mag- 
netic pole and a soft magnetic substrate, 
30 Figs. 2(a) and 2(b) are, respectively, a plan view 

and a cross-sectional view of another prior art 
thin film magnetic head having a main magnetic 
pole and a single auxiliary pole of thin film, 
Fig 3(a) is a schematic cross-sectional view of 
35 still another prior art thin film magnetic head hav- 

ing a main magnetic pole and two auxiliary mag- 
netic poles of thin film disposed on two sides of 
the main magnetic pole, 
Fig. 3(b) illustrates a signal pulse shape obtained 
40 when the magnetic head of Fig. 3(a) is used for 
reproducing, 

Fig. 4 is a schematic cross-sectional view of a 
thin film magnetic head structure utilised in an 
embodiment of the present invention, this Figure 

45 serving to assist in explanation of principles be- 
hind the present invention, 
Fig. 5(a) and 5(b) are, respectively, a schematic 
cross-sectional view and a signal response curve 
pertaining to the structure of Fig. 4 when a dis- 

so tance Ds between a main magnetic pole and sec- 
ond auxiliary magnetic pole is small, whereby a 
magnetic enclosure PASi interlinking a spiral coil 
predominates the edge noise, 
Fig. 6(a) and 6(b) are, respectively, a schematic 

55 cross-sectional view and a signal response curv 
pertaining to th structure of Fig. 4 when th dis- 
tance Os is comparatively large, whereby a mag- 
netic enclosure PAS 2 interlinking the spiral coil 
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predominates the edge noise, 
Figs. 7(a) and 7(b) are, respectively, a plan view 
and a cross-sectional view of an embodiment of 
the present invention, 

Fig. 8 shows curves of distance Ds versus edge 
noise to main signal pulse ratio for magnetic 
heads in accordance with the present invention 
and the prior art, 

Figs. 9(a) and 9(b) are, respectively, a plan view 
and a cross-sectional view of another embodi- 
ment of the present invention, and 
Figs. 10(a), 10(b) and 10(c) are schematic cross- 
sectional views showing examples of means for 
adjustment of magnetic resistance along mag- 
netic enclosures which can be employed in em- 
bodiments of the present invention. 
Fig. 4 is a cross-sectional view illustrating basic 
configuration of a thin film magnetic head in accor- 
dance with an embodiment of the present invention, 
for the purpose of explaining principles thereof. The 
same reference numerals as in Figs. 1 to 3 are used 
in Fig. 4 to indicate the same or like parts. 

An auxiliary magnetic pole 15 of thin film is pro- 
vided and the centre portion 151 thereof is in contact 
with a rear end portion of a main magnetic pole 12. 
Another auxiliary magnetic pole 3 is provided on an 
opposite side of the main magnetic pole 12, and the 
rear ends of the two auxiliary magnetic poles contact 
each other. 

Herein, the auxiliary magnetic pole 15 will be 
called the first auxiliary magnetic pole and the other 
auxiliary magnetic pole 3 will be called the second 
auxiliary magnetic pole. 

The second auxiliary magnetic pole 3 may be a 
substrate of soft magnetic material or a layer of soft 
magnetic material formed on a substrate of non-mag- 
netic material. The substrate has, in either case, the 
function of a slider which maintains the magnetic 
head 1 close to or contacting recording medium 2. A 
spiral coil 14 of thin film is formed surrounding the 
contact region 151. The first auxiliary magnetic pole 
1 5 is formed in such a manner as to cover the spiral 
coil 14 with a thin layer of non-magnetic insulating 
material (not shown) sandwiched between pole 15 
and coil 14. In Fig. 4, space enclosed by the first and 
second auxiliary poles 15 and 3 is assumed to be fil- 
led with a non-magnetic insulating material 4. 

Relative movement between head and recording 
medium 2 takes place with the medium in contact with 
or close to front tips of both the main magnetic pole 
1 2 and second auxiliary magnetic pole 3. On the other 
hand, the front tip 152 of the first auxiliary pole is 
maintained at a short distance from the surface of the 
recording medium 2. The main magnetic pole 12 and 
first and second auxiliary magnetic poles 15 and 3 
are of soft magnetic material, and the recording me- 
dium also comprises a magnetic layer; therefore, 
magnetic enclosures, in other words, magnetic cir- 



cuits are formed. 

Three magnetic nclosures, which interlink with 
coil 14, play an important role during operation of the 
magnetic head. 

5 The first magnetic enclosure is formed by a 

closed circuit which is denoted as PAS 0 , including a 
gap G 0 (between main pole and recording medium), 
the main magnetic pole 12, the contact region 151 , a 
front half 15b of the first auxiliary magnetic pole 15, 

10 and the recording medium 2. 

The second magnetic enclosure is formed by a 
closed circuit PASi including a gap G 2 (between sec- 
ond auxiliary pole and recording medium), a front half 
3b of the second auxiliary magnetic pole 3, a distrib- 

15 uted leakage path to the main magnetic pole 12, the 
contact region 151, a front half 1 5b of the first auxili- 
ary magnetic pole 15, and the recording medium 2. 

The third magnetic enclosure is formed by a 
closed circuit PAS 2 including the gap G 2 , the second 

20 auxiliary magnetic pole 3, a rear portion 15a of the 
first auxiliary magnetic pole 15, the contact region 
151, the main magnetic pole 12, (gap G 0 ) and the re- 
cording medium 2. 

The magnetic flux interlinking the coil 14 and 

25 passing through the gap G 0 between the main mag- 
netic pole 12 and the recording medium 2 plays a 
main function in recording or reproducing during op- 
eration of the head. The directions of the magnetic en- 
closures PAS 0 and PAS 2 crossing the gap G 0 are as- 

30 sumed to be opposite. The directions of the coil cur- 
rents flowing through the coil 14 which interlinks the 
two magnetic enclosures PAS 0 and PAS 2 are also op- 
posite with regard to (through) the surface of the 
sheet on which the Figure is drawn. Therefore, the 

35 magnetic fluxes caused by the coil currents and flow- 
ing through two magnetic enclosures work additively 
at the gap G 0 and contribute to enhance recording ef- 
ficiency of the magnetic head. The similar effect can 
be expected in enhancing reproducing efficiency. 

40 The provision of the second auxiliary magnetic 

pole 3, on the other hand, has a demerit in that edge 
noises are generated in reproducing operation of the 
head by a magnetic transition of the recording me- 
dium moving at the gap G 2 . 

45 The magnetic flux induced at the gap G 2 between 
the second auxiliary magnetic pole 3 and the record- 
ing medium 2 during reproducing operation, will now 
be considered. 

The directions of the magnetic enclosures PAS 1 

so and PAS 2 are assumed in the same counter-clock- 
wise directions as shown in Fig. 4. Because two mag- 
netic enclosures interlink a front portion 14b and rear 
portion 14a of the coil 14 respectively in which the in- 
duced coil currents flow in opposite directions with re- 

55 gard to (through) the surface of the sheet on which 
th Figur is drawn, the effects caused by two mag- 
netic enclosures work subtractively. 

In the prior art head of Fig. 3(a), a distance Ds be- 
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tween the main magnetic pole 1 2 and the second aux- 
iliary magnetic pol 3 is very small in a design of the 
magnetic head, and the leakage path between the 
second auxiliary magnetic pole 3 and the main mag- 
netic pole 12 forming the magnetic enclosure PAS, s 
has not been recognised or considered. 

With the insight provided by the inventors it is 
clear that, when Ds is very small, the effect of PAS, 
predominates over that of PAS 2 because of a low 
magnetic resistance in the leakage path correspond- 10 
ing to Ds. When magnetic flux is induced at the tip of 
the second auxiliary magnetic pole by a transition of 
magnetization in the recording medium 2 in reproduc- 
ing operation, the induced magnetic flux is sensed as 
edge noise generated along the PAS, which interlinks 15 
the coil 14b. This results in deterioration of reproduc- 
ing efficiency. 

Fig. 5(a) gives a schematic cross-sectional illus- 
tration of the above case, and Fig. 5(b) shows a signal 
response curve obtained when the magnetic head of 20 
Fig. 5(a) is used for reproducing. Pulse P, is a main 
signal pulse generated by a magnetic transition in the 
recording medium, and P 2 is an edge noise pulse, 
having the same polarity as the main pulse arising 
due to the effects of magnetic enclosure PAS,. 25 

When the distance Ds is selected to be large, 
such as is shown in the schematic cross-section of 
Fig. 6(a), a magnetic resistance of PAS, increases, 
especially over the leakage path between the second 
auxiliary magnetic pole 3 and the main magnetic pole 30 
12. This being so, the magnetic flux along the mag- 
netic enclosure PAS2 predominates in interaction be- 
tween the coil 1 4a and a magnetic transition of the re- 
cording medium 2. The signal response curve ob- 
tained when the head of Fig. 6(a) is used is shown in 35 
Fig. 6(b), in which an edge noise pulse P 3 exhibits re- 
versed polarity with regard to the main signal pulse 
Pv 

In an embodiment of the present invention, the 
effects of magnetic flux due to two magnetic enclo- 40 
sures PASi and PAS 2 are selected to be essentially 
equal but opposite in polarity, which is achieved by 
choosing the distance Ds to be sufficiently large and 
to have a predetermined value. Edge noise effects 
due to respective magnetic enclosures PAS 1 and 45 
PAS 2 cancel each other out and overall edge noise 
can be reduced or minimised. Minimum edge noise 
can be achieved by selectively choosing distance Ds 
as described above; in other words, by selectively de- 
termining the magnetic resistance (magnetic reluc- 50 
tance) along the enclosures PAS 1 and PAS 2 . The 
magnetic reluctance change may be achieved in em- 
bodiments of the invention by various means, for in- 
stance by a chang of magnetic head structure such 
as a chang of distance Ds, thickness of magnetic 55 
poles, permeability of soft magnetic material, etc. 

Figs. 7(a) and 7(b) are r spectively a plan view 
and a cross-section, taken along the line A-Aof Fig. 



7(a), of a magnetic head according to an embodiment 
of the present inv ntion. A substrate 31 is of soft mag- 
netic mat rial such as of NiZn or MnZn ferrit s. The 
substrate 31 has two functions, acting as the second 
auxiliary magnetic pole previously explained and as 
a slider for floating the magnetic head. The substrate 

31 has a cut-away portion 32 which is filled with non- 
magnetic insulating material 41 . The cut-away portion 

32 has a depth ranging from 20 to 100 microns, pre- 
ferably in the range 60 to 80 microns, in a horizontal 
direction as seen in Fig. 7(b). As the non-magnetic in- 
sulating material, low melting point glass or silicon di- 
oxide (SiOJ may be used. The above depth or the 
thickness of the buried non-magnetic material, de- 
fines the distance Ds between the main magnetic 
pole 12 and the second auxiliary magnetic pole 31. 

The main magnetic pole 12 is formed on a sur- 
face of the buried non-magnetic material 41, and has 
a thickness of about 3 to 5 microns except for a tip por- 
tion 121 thereof where the thickness is made smaller, 
about 0.2 to 0.5 microns, and a width thereof is made 
narrower, for example about 10 microns. The magnet- 
ic material used for the main pole 12 may be any of 
permalloy (NiFe alloy), CoZr alloy, etc. Aspiral coil 14 
is disposed above the main magnetic pole 12 and has 
a thickness of about 2 to 3 microns, and is buried in 
an intermediate insulating layer 13. The spiral coil 14 
is made of electrically conductive material such as 
copper or aluminium thin film, and the centre of the 
coil is disposed at a rear end of the main magnetic 
pole 12. The spiral coil 14 can be formed in a double- 
layer structure or, in some cases, in a multi-layer 
structure. 

A first auxiliary magnetic pole 15 made of thin 
film having a thickness of 3 to 5 microns is formed 
above the coil 14, having the intermediate insulating 
layer 13 therebetween. The first auxiliary magnetic 
pole 15 has a distance from the main magnetic pole 
12 of about 10 to 20 microns for a single or double- 
layer structure of the spiral coil 14. The distance in- 
creases to about 50 microns in the case of a four-layer 
structure of the spiral coil. A soft magnetic material 
such as permalloy or CoZr alloy is used for the first 
auxiliary magnetic pole 15. The tip portion 152 there- 
of is not at the same level as the tip of the main mag- 
netic pole 12. The gap G 1 to the recording medium 2 
of the first auxiliary magnetic pole 15 is larger than 
that of the main magnetic pole. The recess dimension 
Dy in Fig. 7(b) is selected to be in the range 10 to 20 
microns. The centre portion 151 protrudes or in- 
trudes towards the rear end portion of the main mag- 
netic pole 12 and contacts that end portion. Further, 
the rear end portion 1 53 of the first auxiliary magnetic 
pole 15 is mad to contact the substrate 31 of soft 
magnetic material. Finally, a protective layer 16 of 
Si0 2 or Al 2 0 3 is formed covering the ntire surface. 

in fabrication of the above magnetic h ad, sput- 
tering, photolithography and other technologies of the 
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prior art can be utilised. Front tip surface 17 of the 
whole assembly facing recording m dium 2, including 
the protective layer 16, the main magnetic pole 12, 
and the substrate 31 with the buried non-magn tic in- 
sulating material 41, is polished flat. The surface 17 5 
works as a floating surface (an air-bearing surface of 
the floating magnetic head) which contributes to the 
maintenance of a precise gap to a recording medium. 
The tip portion 121 of the main magnetic pole and the 
end surface of the substrate 31 are on the same level, w 
but the tip portion 152 of the first auxiliary magnetic 
pole is buried in the protective layer 16 and has a re- 
cess dimension Dy from the tip surface 17. The pro- 
vision of the recess Dy (though not essential to the 
present invention) contributes to the minimisation of 15 
another kind of edge noise, caused by the first auxil- 
iary magnetic pole. Thus, a magnetic head with re- 
duced or minimum edge noises can be obtained, re- 
sulting in enhancing recording and reproducing effi- 
ciencies. 20 

Fig. 8 shows data illustrating edge noise to main 
pulse ratio, expressed as a percentage, for a magnet- 
ic head as in Figs. 7. In Fig. 8, the abscissa indicates 
distance Ds between the main magnetic pole 12 and 
the side surface 32 of the substrate 31 . Curve A is 25 
provided by computer simulation for changing dis- 
tances Ds. Curve A crosses the edge noise ratio zero 
level in a Ds range of about 60 to 80 microns. When 
Ds is below this range, edge noise shows a positive 
polarity such as is indicated in Fig. 5(b), and when Ds 30 
is above this range, it shows a negative polarity as in- 
dicated in Fig. 6(b). The above data indicates that 
edge noise almost vanishes when the filled portion 
with the non-magnetic insulating material 41 in Fig. 
7(b) has the depth (Ds) of about 60 to 80 microns. 35 
However, the Ds value satisfying the cancellation 
condition varies in a range from 20 to 1 00 microns de- 
pending on other features of the magnetic structure 
of the magnetic head, which features include thick- 
ness, width, permeability, etc., of the main magnetic 40 
pole, and the first and second auxiliary magnetic 
poles. 

Curve B of Fig. 8 shows data taken in the similar 
way for a magnetic head of the prior art as shown in 
Fig. 1. The edge noise has a negative polarity and 45 
shows a much greater magnitude than that of curve 
A. To reduce the edge noise of the prior art head of 
Fig. 1 , it is known that it is effective to remove a corner 
portion 521 (see Fig. 1) of the substrate 52 which con- 
tacts with non-magnetic material 55 and faces record- so 
ing medium 2. However, edge noise cannot be made 
to disappear, and fabrication of the magnetic head 
having such a cut-away portion of the substrate 52 is 
a difficult process. 

As explained above, the thin film magnetic head 55 
of the embodiment of the pr sentinv ntion described 
above has features of high r cording density and high 
reproducing efficiency without edge noise, and the 



fabrication thereof is easy. Further, magnetic distur- 
bances induced by external parts or circuits are ab- 
sorbed in the soft magnetic material of the substrate 

31 in Fig. 7(b), and therefore such magnetic distur- 
bances do not affect the functions of the main mag- 
netic pole 12. However, substrate materials such as 
NiZn ferrite or MnZn ferrite are inferior to other thin 
soft magnetic materials used, in terms of high fre- 
quency characteristics. 

In order to further improve recording and repro- 
ducing efficiencies for high-speed operation, at fre- 
quencies such as several tens of MHz, a further em- 
bodiment of the present invention, as next explained, 
may be employed. This embodiment is shown in Figs. 
9(a) and 9(b), and can solve the above problem in 
high-speed operation. A particular feature of this em- 
bodiment is that a second auxiliary magnetic pole 32 
is made of a thin film of soft magnetic material, having 
a superior characteristic in terms of high-speed (high- 
frequency) operation, formed on a non-magnetic sub- 
strate 11. The substrate 11 works as a slider of the 
floating magnetic head. Fig. 9(a) is a plan view and 
Fig. 9(b) is a cross-sectional view taken along the line 
A-Aof Fig 9(a). 

The substrate 11 is made of non-magnetic mate- 
rial such as AI 2 0 3 .TiC, and the thin soft magnetic film 

32 of permalloy or CoZr is deposited on the substrate 
11 by a sputtering method, and the thin magnetic film 
32 functions as the second auxiliary magnetic pole 3 
of Fig. 4. The thickness of the thin magnetic film 32 
is about 3 to 5 microns which is similar to the thick- 
ness of the first auxiliary magnetic pole 15. A non- 
magnetic insulating layer 42, of Si0 2 or Al 2 0 3 , is 
formed covering a substantial part of the second aux- 
iliary magnetic pole 32 and the thickness of this layer 
defines the distance Ds. On a surface of the non- 
magnetic insulating layer 42, a main magnetic pole 
12, an intermediate insulating layer 13, a thin film coil 
14, and a first auxiliary pole 15 are formed in order. 
The structures of the main magnetic pole 12, the thin 
film coil 14, and the first auxiliary magnetic pole 15 
are formed in ways similar to those used for embodi- 
ments of Figs. 7. Therefore, the distance Ds and the 
shape and disposition of the first auxiliary magnetic 
pole 15 with regard to the main magnetic pole 12 are 
arranged in a similar way. However, a rear end por- 
tion 1 53 of the first auxiliary magnetic pole 15 is made 
to contact with an exposed rear end portion of the sec- 
ond auxiliary magnetic pole 32. A protective layer 16 
covers the entire head assembly. 

By using the structure of Figs. 9, in which the sec- 
ond auxiliary magnetic pole 32 of thin soft magnetic 
film is formed on the non-magnetic substrate 11, su- 
perior high efficiency can be obtained in recording 
and reproducing, again without, or with reduced, dge 
noise. 

In the abov explanation of embodiments of the 
invention, proper sel ction of the distance Ds be- 
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tween the main magnetic pole and the second auxil- 
iary magnetic pole has been emphasised. However, 
in embodiments of the invention, other means or 
methods may be used to provide that magnetic resis- 
tance along the path PAS, is substantially equal to 
that along the PAS 2 . Many modifications are possible 
as a means to satisfy the cancellation condition, in 
which any features of magnetic pole configuration, 
thickness and materials, etc., may be changed. 

Three possibilities are shown in Figs. 10(a), 10(b) 
and 10(c). Fig. 10(a) shows a configuration where the 
main magnetic pole 12 is composed of a double layer 
60, 61, each layer having a different permeability. 
Fig. 10(b) shows an additional magnetic layer 64 add- 
ed to adjust a magnetic resistance along the magnetic 
enclosures. Fig. 10(c) shows an additional magnetic 
layer 66 added to the auxiliary magnetic pole 3 to ad- 
just a magnetic resistance along the magnetic enclo- 
sures. 

An embodiment of the present invention provides 
a thin film magnetic head for perpendicular recording 
and reproducing, the magnetic head comprising a 
main magnetic pole of thin film, a spiral coil of elec- 
trically conductive film disposed on a side of the main 
magnetic pole, a first auxiliary magnetic pole of thin 
film covering the coil, and a second auxiliary magnet- 
ic pole disposed on another side of the main magnetic 
pole, forming a substrate or being formed on a non- 
magnetic substrate. It has been made clear above 
that a distributed magnetic leakage path between the 
main magnetic pole and the second auxiliary magnet- 
ic pole plays an important role in head operation. 
When the second auxiliary magnetic pole is properly 
arranged according to the invention, edge noises due 
to magnetic fluxes generated at the second auxiliary 
magnetic pole by a magnetic transition of the record- 
ing medium, each magnetic flux flowing through two 
magnetic enclosures and interlinking the coil, are 
cancelled with one another and minimised. The low 
edge noise characteristic contributes to enhance re- 
cording and reproducing efficiency of the thin film 
magnetic head. 



Claims 

1. Athin film magnetic head (1) for perpendicular re- 
cording information on and reproducing informa- 
tion from a recording medium (2), the magnetic 
head comprising:- 

a first thin magnetic film (12) for re- 
cording and reproducing, a tip of a forward por- 
tion thereof being intended for arrangement close 
to or in contact with the recording medium (2); 

a conductiv thin film coil (14) dis- 
posed to one side of said first thin magnetic film 
(12), adjacent to and substantially parallel to a 
plane thereof, the coil being centered at a rear 



end portion of said first thin magnetic film; 

a second thin magnetic film (15) 
dispos d adjacent to and substantially parallel to 
said coil (14), extending over forward (14b) and 
5 rear (14a) portions of said coil, a centre portion 

(151) of the second thin magnetic film contacting 
the rear end portion of said first thin magneticf ilm 
(12); and 

an auxiliary magnetic pole (3) dis- 

10 posed to another side of said first thin magnetic 
film (12), a tip of a forward portion of the auxiliary 
magnetic pole forming a flat surface with the tip 
of said first thin magnetic film (12) and facing the 
recording medium (2), and the auxiliary magnetic 

15 pole being contacted by a rear end portion (15a) 

of the second thin magnetic film (15); 
characterised in that:- 

said first and second magnetic 
films (12, 15) and said auxiliary magnetic pole (3) 

20 are arranged such that magnetic resistances of 

substantially the same magnitude are given to 
first and second opposing magnetic paths within 
said head when in use, the first magnetic path be- 
ing formed around a first magnetic enclosure 

25 (PAS,) interlinking with said coil (14) and includ- 

ing the tip of the forward portion of the auxiliary 
magnetic pole (3), the forward portion of the aux- 
iliary magnetic pole (3), the first thin magnetic 
film (12) through a distributed magnetic leakage 

30 path, the forward portion (1 5b) of the second thin 

magnetic film, and the recording medium (2) in 
place when the head is in use, and the second 
magnetic path being formed around a second 
magnetic enclosure (PAS2) interlinking with said 

35 coil (14) and including the tip of the forward por- 

tion of the auxiliary magnetic pole (3), the auxili- 
ary magnetic pole (3), the rear portion (15a) of 
the second thin magnetic film (15), the first thin 
magnetic film (12), and the recording medium (2) 

40 in place when the head is in use, whereby when 

the magnetic head is excited a balance of mag- 
netic fluxes induced at the tip of the forward por- 
tion of the auxiliary magnetic pole (3) and flowing 
respectively through the first and second mag- 

45 netic enclosures (PAS 1f PAS 2 ) is provided, those 

fluxes being equal but opposite in direction to one 
another. 

2. A thin film magnetic head as claimed in claim 1, 
so wherein the distance between said first thin mag- 
netic film (12) and said auxiliary magnetic pole 
(3) is selected at a predetermined value such as 
to establish the said balance of fluxes. 

55 3. A thin film magnetic head as claimed in claim 2, 
wh rein said predetermined value is in the range 
20 to 100 microns. 
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4. A thin film magnetic head as claimed in claim 3, 
wher in distance betwe n said first and second 
thin magnetic films (12, 15) is less than 50 mi- 
crons. 

5. A thin film magnetic head as claimed in claim 4, 
wherein a distance between said first and second 
thin magnetic films (12, 15) is less than 20 mi- 
crons, the said coil (14) having a single or double- 
layer structure. 

6. A thin film magnetic head as claimed in any pre- 
ceding claim, wherein said auxiliary magnetic 
pole (3) is of thin magnetic film (32), facing said 
first thin magnetic film (12), formed on a sub- 
strate (11) of non-magnetic material. 

7. A thin film magnetic head as claimed in any one 
of claims 2 to 5, wherein said auxiliary magnetic 
pole (3) is provided by a substrate (31 ) of magnet- 
ic material having a cut-away portion (32) facing 
said first and second thin magnetic films, said 
portion being filled with non-magnetic materia! 
(41 ) and arranged such that the depth (D s ) there- 
of, defining a distance between said first thin 
magnetic film (12) and said auxiliary magnetic 
pole (3), is selected to have the predetermined 
value. 

8. A thin film magnetic head as claimed in claim 6 
or 7, being of a floating head type, a front tip sur- 
face of said substrate (11, 31) which confronts 
the recording medium (2) when the head is in use 
being fiat and forming a slider which maintains 
the magnetic head close to or in contact with the 
recording medium (2). 

9. A thin film magnetic head as claimed in any pre- 
ceding claim, wherein said magnetic head further 
includes additional means (60, 61, 64, 66) for ad- 
justing magnetic resistance of the first (PAS,) 
and/or the second (PASJ magnetic enclosure. 

10. A thin film magnetic head as claimed in any pre- 
ceding claim, wherein the tips of the forward por- 
tions of both said first thin magnetic film (12) and 
said auxiliary magnetic pole (3) conform to a flat 
surface (17) to which intermediate material, be- 
tween those tips, also conforms. 

11. A thin film magnetic head as claimed in claim 10, 
where a tip (152) of a forward portion of said sec- 
ond thin magnetic film (15) is recessed from the 
said flat surfac . 

12. A thin film magnetic head as claimed in any pre- 
ceding claim, wher in the tip of the forward por- 
tion of said first thin magnetic film (12), confront- 



ing the recording medium (2) when th h ad is in 
use, is of small width and thickness. 



5 Patentanspruche 

1. Ein magnetischer Dunnschichtkopf (1) fur die 
senkrechte Aufnahme von Information auf sowie 
fur die Wiedergabe von Information von einem 

10 Aufnahmemedium (2), welcher magnetische 
Kopf umfaBt: 

eine erste dunne magnetische Schicht 
(12) fur die Aufnahme und Wiedergabe, wobei ei- 
ne Spitze eines vorderen Teiles von ihr fur eine 

15 Anordnung dicht zu oder in Kontakt mit dem Auf- 

nahmemedium (2) vorgesehen wind; 

eine leitende Dunnschichtspule (14), die 
auf der einen Seite der genannten ersten dunnen 
magnetischen Schicht (12) angeordnet ist, be- 

20 nachbart und im wesentlichen parallel zu einer 

Ebene von ihr, wobei die Spule bei einem hinte- 
ren Endteil der genannten ersten dunnen magne- 
tischen Schicht zentriert ist; 

eine zweite dunne magnetische Schicht 

25 (15), die benachbart und im wesentlichen parallel 

zu der genannten Spule (14) angeordnet ist, sich 
fiber vordere (14b) und hintere (14a) Teile der ge- 
nannten Spule erstreckt, wobei ein zentralerTeil 
(151) derzweiten dunnen magnetischen Schicht 

30 den hinteren Endteil der genannten ersten dun- 

nen magnetischen Schicht (12) beruhrt; und 

einen magnetischen Hilfspol (3), der auf 
einer anderen Seite der genannten ersten dun- 
nen magnetischen Schicht (12) angeordnet ist, 

35 wobei eine Spitze eines vorderen Teiles des ma- 

gnetischen Hilfspoles eine flache Oberf lache mit 
der Spitze der genannten ersten dunnen magne- 
tischen Schicht (12) bildet und dem Aufnahme- 
medium (2) gegenuberliegt und wobei der ma- 

40 gnetische Hilfspol durch ein hinteres Endteil 
(15a) derzweiten dunnen magnetischen Schicht 
(15) beruhrt wird, dadurch gekennzeichnet, da& 
die genannten ersten und zweiten magne- 
tischen Schichten (12, 15) und der genannte ma- 

45 gnetische Hilfspol (3) derart angeordnet sind, 
dad magnetische Widerstande mit im wesentli- 
chen der gleichen Starke ersten und zweiten ent- 
gegengesetzten magnetischen Pfaden innerhalb 
des genannten Kopfes gegeben werden, wenn 

so sich dieser in Verwendung bef indet, wobei derer- 
ste magnetische Pfad urn eine erste magnetische 
Hulle (PASO gebildet wird, die mit der genannten 
Spule (14) koppelt und die die Spitze des vorde- 
ren Teiles des magnetischen Hilfspoles (3) enthalt, 

55 den vorderen Teil des magnetischen Hilfspoles (3), 

die erste dunne magnetische Schicht (12) durch ei- 
nen verteilten magnetischen Leckag pfad, den vor- 
deren Teil (15b) der zweiten dunn n magneti- 
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schen Schicht und das Aufnahmemedium (2) an 
der Stelle, wenn sich der Kopf in Gebrauch b f in- 
det, und wobei der zweite magnetische Pfad, der 
urn eine zweite magnetische Hulle (PAS2) gebil- 
det wird, die mit der genannten Spule (14) kop- 
pelt, die Spitze des vorderen Teiles des magne- 
tischen Hilfspofes (3) enthalt, den magnetischen 
Hilfspol (3), den hinteren Teil (15a) derzweiten 
dunnen magnetischen Schicht (15), die erste 
dunne magnetische Schicht (12) und das Aufnah- 
memedium (2) an der Stelle, wenn sich der Kopf 
in Gebrauch befindet, wodurch wenn der magne- 
tische Kopf angeregt wird, eine Balance der ma- 
gnetischen Flusse, die bei der Spitze des vorde- 
ren Teiles des magnetischen Hilfspoles (3) indu- 
ziert worden sind und die jeweils durch die erste 
und zweite magnetische Hulle (PAS 1t PASJ f lie- 
Ren, vorgesehen wird, wobei diese Flusse gleich, 
aber in ihrer Richtung entgegengesetzt zueinan- 
dersind. 

2. Ein magnetischer Dunnschichtkopf, wie er in An- 
spruch 1 beansprucht worden ist, worin der Ab- 
stand zwischen der genannten ersten dunnen 
magnetischen Schicht (12) und dem genannten 
magnetischen Hilfspol (3) bei einem vorherbe- 
stimmten Wert gewahlt wird, um die genannte 
Balance der Flusse einzustellen. 

3. Ein magnetischer Dunnschichtkopf, wie er in An- 
spruch 2 beansprucht worden ist, worin der ge- 
nannte vorherbestimmte Wert sich in dem Be- 
reich zwischen 20 bis 100 Mikrometer bewegt. 

4. Ein magnetischer Dunnschichtkopf, wie er in An- 
spruch 3 beansprucht worden ist, worin der Ab- 
stand zwischen den genannten ersten und zwei- 
ten dunnen magnetischen Schichten (12, 15) ge- 
ringer ist als 50 Mikrometer. 

5. Ein magnetischer Dunnschichtkopf, wie er in An- 
spruch 4 beansprucht worden ist, worin ein Ab- 
stand zwischen den genannten ersten und zwei- 
ten dunnen magnetischen Schichten (12, 15)we- 
niger als 20 Mikrometer betragt, wobei die ge- 
nannte Spule (14) eine Einzel- Oder Doppel- 
schichtstruktur aufweist 

6. Ein magnetischer Dunnschichtkopf, wie er in ei- 
nem der vorigen Anspruche beansprucht worden 
ist, worin der genannte magnetische Hilfepol (3) 
aus einer dunnen magnetischen Schicht (32) be- 
steht, welche der genannten ersten dunnen ma- 
gnetischen Schicht (12) gegenuberliegt, ausge- 
bildet auf einem Substrat (11) aus einem nicht- 
magnetischen Material 

7. Ein magnetischer Dunnschichtkopf, wie er in ei- 



nem der Anspruche 2 bis 5 beansprucht worden 
ist, worin der genannt magnetische Hilfspol (3) 
durch ein Substrat (31) eines magnetischen Ma- 
terials bereitgestellt wird, das ein ausgeschnitte- 

5 nes Teil (32) aufweist, das den genannten ersten 

und zweiten dunnen magnetischen Schichten ge- 
genuberliegt, wobei der genannte Teil mit einem 
nicht-magnetischen Material (41) gefullt ist und 
derartig angeordnet ist, daR seine Tiefe (D s ), die 

10 einen Abstand zwischen der genannten ersten 
dunnen magnetischen Schicht (12) und dem ge- 
nannten magnetischen Hilfspol (3) def iniert, der- 
ail ausgewahlt wird, daft sie einen bestimmten 
Wert annimmt 

15 

8. Ein magnetischer Dunnschichtkopf, wie er im An- 
spruch 6 oder 7 beansprucht worden ist, der vom 
Typ mit schwimmendem Kopf ist, wobei eine vor- 
dere Spitzenoberflache des genannten Substra- 

20 tes (11, 31), die mit dem Aufnahme-medium (2) 

konfrontiert wird, wenn sich der Kopf in Gebrauch 
befindet, flach ist und einen Gleiter bildet, der 
den magnetischen Kopf dicht bei oder in Kontakt 
mit dem Aufnahmemedium (2) halt. 

25 

9. Ein magnetischer Dunnschichtkopf, wie er in ei- 
nem der vorigen Anspruche beansprucht worden 
ist, worin der genannte magnetische Kopf weiter- 
hin zusatzliche Mittel (60, 61 , 64, 66) enthalt, um 

30 den magnetischen Widerstand der ersten (PAS,) 

und/oder der zweiten (PAS2) magnetischen Hulle 
zu justieren. 

10. Ein magnetischer Dunnschichtkopf, wie er in ei- 
35 nem der vorigen Anspruche beansprucht worden 

ist, worin die Spitzen der vorderen Teile von so- 
wohl der genannten ersten dunnen magneti- 
schen Schicht (12) als auch des genannten ma- 
gnetischen Hitfspol (3) mit einer flachen Oberfla- 
40 che (17) ubereinstimmen, mit der Zwiscnenmate- 

rial, zwischen diesen Spitzen, gleichfalls uberein- 
stimmt. 

11. Ein magnetischer Dunnschichtkopf, wie erimAn- 
45 spruch 10 beansprucht worden ist, in dem eine 

Spitze (1 52) eines vorderen Teiles der genannten 
zweiten dunnen magnetischen Schicht (15) von 
der genannten flachen Oberflache ausgenom- 
men ist. 

50 

12. Ein magnetischer Dunnschichtkopf, wie er in ei- 
nem der vorigen Anspruche beansprucht worden 
ist, worin die Spitze des vorderen Teiles der ge- 
nannten ersten dunnen magnetischen Schicht 

55 (12), die mit dem Aufnahmemedium (2) konfron- 

tiert wird, wenn sich der Kopf in Verwendung be- 
findet, von kleiner Breite und Dicke ist. 
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Rev ndicatl ns 

1. Tete magnetique a couche mince (1) pour nre- 
gistrement, et reproduction, perp ndiculaires 
d'information sur, eta partir, d'un support magne- 
tique (2), la tete magnetique comprenant : 

une premiere couche mince magnetique 
(12) d'enregistrement et de reproduction, dont 
une pointe de ia partie avant est destinee a etre 
placee pres du support d'enregistrement (2), ou 
en contact avec celui-ci ; 

une bobine en couche mince conductrice 

(14) disposee d'un cdte de tadite premiere cou- 
che mince magnetique (12), adjacente et sensi- 
btement parallele au plan de celle-ci, la bobine 
etant centree au droit de la partie d'extremite 
arriere de ladite premiere couche mince magne- 
tique ; 

une seconde couche mince magnetique 

(15) disposee adjacente et sensiblement paralle- 
ie a ladite bobine (14), s'etendant au-dessus des 
parties avant (14b) et arriere (14a) de ladite bo- 
bine, une partie centrale (151) de la seconde cou- 
che mince magnetique contactant la partie d'ex- 
tremite arriere de ladite premiere couche mince 
magn6tique (12) ; et 

un pole magnetique auxiliaire (3) dispose 
de ('autre cdte de ladite premiere couche mince 
magnetique (12), une pointe de la partie avant du 
pole magnetique auxiliaire formant une surface 
plate avec la pointe de ladite premiere couche 
mince magnetique (12) etfaisantface au support 
d'enregistrement (2), et le pdle magnetique auxi- 
liaire etant contacte par la partie d'extremite 
arriere (1 5a) de la seconde couche mince magne- 
tique (15) ; 

caracterise en ce que ; 

lesdites premiere et seconde couches ma- 
gnetiques (12, 15) et ledit pdle magnetique auxi- 
liaire (3) sont disposes de maniere a donner, en 
utilisation, des resistances magnetiques ayant 
sensiblement la meme valeur a des premier et se- 
cond trajets magnetiques opposes a I'interieur de 
ladite tete ; le premier trajet magnetique etant for- 
me suivant un premier circuit magnetique ferme 
(PASO interagissant avec ladite bobine (14) et in- 
cluant : la pointe de la partie avant du p6le ma- 
gnetique auxiliaire (3), la partie avant du pdle ma- 
gnetique auxiliaire (3), la premiere couche mince 
magnetique (12) par I'intermediaire d'un trajet de 
fuites magn6tiques reparties, la partie avant 
(15b) de la seconde couche mince magnetique, 
et le support d'enregistrement (2) a I'endroit ou la 
tdt est utilisee ; et le second trajet magnetique 
etant forme suivant un second circuit magneti- 
qu ferme (PASJ int ragissant av c ladit bobi- 
ne (14) et incluant : la pointe de la partie avant du 
pdle magnetique auxiliaire (3), le pdle magneti- 



que auxiliaire (3), la partie arriere (15a) de la se- 
conde couche mince magnetiqu (15), la premie- 
re couche mine magnetiqu (12), et le support 
d'enregistrement (2) a I'endroit ou la tete est uti- 

5 Usee, ce par quoi, lorsque la tete magnetique est 

excitee, il se realise un equilibre des flux magne- 
tiques induits au droit de la pointe de la partie 
avant du pdle magnetique auxiliaire (3) ets'ecou- 
lant, respectivement, dans les premier et second 

10 circuits magnetiques fermes (PAS 1( PAS2), ces 
flux etant egaux mais en sens contraires Tun de 
I'autre. 

2. Tete magnetique a couche mince selon la reven- 
15 dication 1, dans laquelle la distance entre ladite 

premiere couche mince magnetique (12) et ledit 
pdle magnetique auxiliaire (3) est f ixee a une va- 
leur predeterminee de maniere a etablir ledit 
equilibre des flux. 

20 

3. Tete magnetique a couche mince selon la reven- 
dication 2, dans laquelle ladite valeur predetermi- 
nee est dans la plage de 20 a 100 microns. 

25 4. Tete magnetique a couche mince selon la reven- 
dication 3, dans laquelle la distance entre lesdi- 
tes premiere et seconde couches minces magne- 
tiques (12, 15) est inferieure a 50 microns. 

30 5. Tete magnetique a couche mince selon la reven- 
dication 4, dans laquelle la distance entre lesdi- 
tes premiere et seconde couches minces magne- 
tiques (12, 15) est inferieure a 20 microns, ladite 
bobine (14) ayant une structure a couche simple 

35 ou double. 

6. Tete magnetique a couche mince selon I'une 
quel con que des revendications precedentes, 
dans laquelle ledit pdle magnetique auxiliaire (3) 
40 est fait d'une couche mince magnetique (32) fai- 

sant face a ladite premiere couche mince magne- 
tique (12) formee sur un substrat (11) de matiere 
non magnetique. 

45 7. Tete magnetique a couche mince selon I'une 
quelconque des revendications 2 a 5, dans la- 
quelle ledit pdle magnetique auxiliaire (3) est 
constitue par un substrat (31) de matiere magne- 
tique ayant une partie supprimee (32) faisant 

so face auxdites premiere et seconde couches min- 
ces magnetiques, ladite partie etant remplie 
d'une matiere non magnetique (41) et disposee 
de telle maniere que sa profondeur (Ds), definis- 
sant la distance entr ladite premiere couch 

55 mince magnetique (12) t ledit pdle magnetique 

auxiliaire (3), soit choisie pour avoir une val ur 
predeterminee. 
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Revendl ati ns 

1. Tfcte magn6tique £ couch mince (1) pour enre- 
gistrement, et reproduction, perpendiculaires 
d'information sur, et£ partir, d'un support magne- 
tique (2), la tete magnetique comprenant : 

une premiere couche mince magnetique 
(12) d'enregistrement et de reproduction, dont 
une pointe de la partie avant est destinee k etre 
placee pres du support d'enregistrement (2), ou 
en contact avec celui-ci ; 

une bobine en couche mince conductrice 

(14) disposee d'un cdt6 de ladite premiere cou- 
che mince magnetique (12), adjacente et sensi- 
blement parallele au plan de celle-ci, la bobine 
etant centree au droit de la partie d'extremitg 
arriere de ladite premiere couche mince magne- 
tique ; 

une seconde couche mince magnetique 

(15) disposes adjacente et sensiblement paralle- 
le £ ladite bobine (14), s'etendant au-dessus des 
parties avant (14b) et arriere (14a) de ladite bo- 
bine, une partie centrale (151) de la seconde cou- 
che mince magnetique contactant la partie d'ex- 
tremite arriere de ladite premiere couche mince 
magnetique (12) ;et 

un p6le magnetique auxiliaire (3) dispose 
de Tautre cdte de ladite premiere couche mince 
magnetique (12), une pointe de la partie avant du 
pdle magnetique auxiliaire formant une surface 
plate avec la pointe de ladite premiere couche 
mince magnetique (12) etfaisant face au support 
d'enregistrement (2), et le pdle magnetique auxi- 
liaire etant contacte par la partie d'extr6mit6 
arriere (1 5a) de la seconde couche mince magne- 
tique (15) ; 

caracterise en ce que ; 

lesdites premiere et seconde couches ma- 
gnetiques (12, 15) et ledit pdle magnetique auxi- 
liaire (3) sont disposes de maniere £ donner, en 
utilisation, des resistances magnetiques ayant 
sensiblement la meme valeur £ des premier et se- 
cond trajets magnetiques opposes £ I'interieur de 
ladite tete ; le premier trajet magnetique etant for- 
me suivant un premier circuit magnetique ferm6 
(PASi) interagissant avec ladite bobine (14) et in- 
cluant : la pointe de la partie avant du pdle ma- 
gnetique auxiliaire (3), la partie avant du pdle ma- 
gnetique auxiliaire (3), la premiere couche mince 
magnetique (12) par I'intermediaire d'un trajet de 
fuites magnetiques reparties, la partie avant 
(15b) de la seconde couche mince magnetique, 
et le support d'enregistrement (2) a I' ndroit ou la 
tete est utilisee ; et le second trajet magnetique 
etant forme suivant un second circuit magneti- 
qu f rm6 (PAS2) interagissant avec ladite bobi- 
ne (14) et incluant : la pointe de la partie avant du 
pdle magnetique auxiliaire (3), le pdle magneti- 



que auxiliair (3), la parti arriere (15a) de la se- 
conde couche mince magnetique (15), la premie- 
re couche mine magnetique (12), et le support 
d'enregistrement (2) & Y ndroit ou la tete est uti- 

5 Iis6e, ce par quoi, lorsque la tete magnetique est 

excitee, il se realise un equilibre des flux magne- 
tiques induits au droit de la pointe de la partie 
avant du pdle magnetique auxiliaire (3) et s'ecou- 
lant, respectivement, dans les premier et second 

10 circuits magnetiques ferm6s (PAS 1t PAS 2 ), ces 
flux etant egaux mais en sens contraires I'un de 
I'autre. 

2. T3te magnetique £ couche mince selon la reven- 
15 dication 1, dans laquelle la distance entre ladite 

premiere couche mince magnetique (12) et ledit 
pdle magnetique auxiliaire (3) est f ix6e £ une va- 
leur predeterminee de maniere & etablir ledit 
equilibre des flux. 

20 

3. Tete magnetique £ couche mince selon la reven- 
dication 2, dans laquelle ladite valeur predetermi- 
nee est dans la plage de 20 £ 100 microns. 

25 4. Tete magnetique £ couche mince selon la reven- 
dication 3, dans laquelle la distance entre lesdi- 
tes premiere et seconde couches minces magne- 
tiques (12, 15) est inferieure £ 50 microns. 

30 5. Tdte magnetique £ couche mince selon la reven- 
dication 4, dans laquelle la distance entre lesdi- 
tes premiere et seconde couches minces magne- 
tiques (12, 15) est inferieure £ 20 microns, ladite 
bobine (14) ayant une structure £ couche simple 

35 ou double. 

6. Tdte magnetique £ couche mince selon I'une 
quelconque des revendications pr£cedentes, 
dans laquelle ledit pdle magnetique auxiliaire (3) 
40 est fait d'une couche mince magnetique (32) fai- 

sant face £ ladite premiere couche mince magne- 
tique (12)formee surun substrat (11) de mati£re 
non magnetique. 

45 7. Tete magnetique £ couche mince selon Tune 
quelconque des revendications 2 £ 5, dans la- 
quelle ledit pdle magnetique auxiliaire (3) est 
constitue par un substrat (31) de matiere magne- 
tique ayant une partie supprimee (32) faisant 

so face auxdites premiere et seconde couches min- 
ces magnetiques, ladite partie etant remplie 
d'une matiere non magnetique (41) et disposee 
de telle maniere qu sa profondeur (Ds), d6f inis- 
sant la distance entr ladit pr miere couche 

55 mince magnetique (12) et ledit pdle magnetique 

auxiliaire (3), soit choisie pour avoir une valeur 
predetermine . 
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8. TBte magnetique a couche mince selon la reven- 
dication 6, ou 7, qui est du type tfite flottante, 
dans laquelle, torsque la tdt st n utilisation, la 
face de pointe avant dudit substrat (11 , 31) qui fait 
face au support d'enregistrement (2) est plate et 5 
forme un patin qui maintient la tete magnetique 
pres du support d'enregistrement (2) ou en 
contact avec celui-ci. 

9. Tete magnetique a couche mince selon I'une 10 
quelconque des revendications precedentes, 
dans laquelle ladite tete magnetique comprend 

en outre un moyen supplemental (60, 61, 64, 
66) pour ajuster la resistance magnetique du pre- 
mier (PAS!) et/ou du second (PAS2) circuits ma- 1 5 
gnetiques. 

10. Tete magnetique a couche mince selon Tune 
quelconque des revendications precedentes, 
dans laquelle les pointes des parties avant a la 20 
fois de ladite premiere couche mince magnetique 

(12) et dudit pdle magnetique auxiliaire (3), se 
conferment a une surface plate (17) a laquelle la 
matiere interm6diaire, entre ces pointes, se 
conforme egalement. 25 

11. Tete magn6tique a couche mince selon la reven- 
dication 10, dans laquelle la pointe (152) de la 
partie avant de ladite seconde couche mince ma- 
gnetique (15) est en retrait par rapport a ladite 30 
surface plate. 

12. Tete magnetique a couche mince selon Tune 
quelconque des revendications precedentes, 
dans laquelle la pointe de la partie avant de ladite 35 
premiere couche mince magnetique (12), qui fait 
face au support d'enregistrement (2) lorsque la 

tfite est en utilisation, a une largeur et d'une 
epaisseur faibles. 
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FIG. 5(b) fig. 6(b) 
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